Introduction
Over the past decade there has been an increased interest on the topic of "green" chemistry. A comprehensive review regarding greener nanosynthesis was presented by Bastys et.al and Zhang et.al [1, 2] . By combining with Green Chemistry Principles nanotechnology is developing towards achieving the maximum benefit of nanoproducts for society and the environment in a nontoxic way [3] [4] [5] [6] .
Silver nanoparticles are one of the most commonly utilized nanomaterial in medical biology due to their high electrical and thermal conductivity, optical properties as well as anti-microbial properties [7] [8] [9] [10] [11] [12] . It is an established fact that silver compounds are very effective as antibacterial agents for both aerobic and anaerobic strains of bacteria. The reason behind the superior antibacterial properties of Ag NPs is due to the formation of free radicals from the surface of Ag and subsequent free radical induced membrane damage [13] [14] [15] [16] [17] [18] [19] [20] [21] . In the field of therapeutics, silver nanoparticles has been widely and commonly used as an important agent for wound healing probably through collagen alignment [22, 23] .
Medicinal plants are considerably useful and economically essential. They contain active constituents that are used in the treatment of many human diseases [24] . Among the various categories of compounds synthesized in plants, phytochemicals (primary and secondary metabolism products, such as antioxidants, flavonoids, flavones, isoflavones, catechins, anthocyanidins, isothiocyanates, carotenoids, and polyphenols) are the most potent materials for biological activities and are known as important natural resources for the synthesis of metallic nanoparticles [25] . In plant bioaccumulation, the localization of nanoparticles is based on the presence of particular enzymes or proteins involved in it. The recovery of these nanoparticles from plant tissues is tedious and expensive and needs enzymes to degrade the cellulosic materials, which surrounds it [26] . Thus, the synthesis of various metal nanoparticles using plant extracts is easy in downstream processing and in scaling up of nanoparticles [27] [28] [29] [30] [31] [32] .
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In the present study an attempt has been made for the synthesis of silver nanoparticles by reducing the silver ions in solution of silver nitrate with aqueous bark extract of Saraca asoca. The phytochemicals-coating of the surface of green nanomaterials was characterized and were tested for toxicity in mouse model and for their antimicrobial efficacy in vitro.
Materials and Methods
Preparation for bark extract S. asoca bark was harvested during the month of midFebruary to mid-March. The authenticity of S. asoca was confirmed by eminent taxonomists using standard methods. Pieces of bark were completely air-dried at room temperature. They were kept away from direct sun light to avoid destruction of active compounds. The bark pieces were pounded to powder using metallic motor and pestle. Powder was stored at room temperature for further use.
Extraction of plant material
2.5 g of powder were taken into 250 ml conical flask, added with 100 ml of sterile distilled water and boiled for 10 minutes at 100°C. The bark extract was collected in separate conical flask by standard filtration method and half of the extract was stored at 4°C for synthesis of silver nanoparticles. Remaining half of the aqueous bark extract was reduced to minimum volume by evaporation in water bath and again dissolved in methanol for GC-MS analysis.
GC-MS analysis of the plant material for active compounds
The gas chromatography mass spectrometry (GC-MS) analysis of the extracts was performed using a GC-MS (QP 2010 series, Shimadzu, Tokyo, Japan) equipped with a ZV 5 silica capillary column of 30 m length, 0.25 mm diameter and 0.25 µm film thickness. The analysis was done using ion trap technique operating in electron impact mode at 70 eV; helium (99.999%) was used as carrier gas. An injection volume of 1 μl was employed (split ratio of 10:1) injector temperature 250°C; ion-source temperature 220°C. The oven temperature was programmed from 60°C (isothermal for 2 min), with an increase of 10°C/ min, to 110°C, then 5°C/min to 260°C, ending with a 10 min isothermal at 260°C. Mass spectra were taken at 70 eV; a scan interval of 0.5seconds and fragments from 40 to 450 Da. Total GC running time is 49 mins.
The plant extract was dissolved in methanol [1:10] and filtered with HPLC method and analyzed in GC-MS for different components. Identification of Components Interpretation on mass spectrum GC-MS was conducted using the database of National Institute Standard and Technology (NIST) having more than 62,000 patterns. The spectrum of the unknown component was compared with the spectrum of the known components stored in the NIST library. The name, molecular weight and structure of the components of the test materials were ascertained.
Green synthesis of nanoscale silver (Ag) particles 1 mM AgNO 3 solution was prepared and stored in amber colored bottle. 50 ml of 1 mM AgNO 3 solution was taken in three conical flasks separately and added with the bark extract at different volume i.e. 75 µl, 1.5 ml and 3 ml with constant stirring. The solutions were then heated on a water bath at different temperature ranging from 25°C-85°C. The solutions were heated at 25°C, 45°C, 65°C and 85°C for 45 minutes and the change of color of the solution was observed. The change of color of the aqueous silver nitrate solution after addition of bark extract from pale yellow to dark brown indicated the synthesis of silver nanoparticles. 'λ' max of each sample was determined after 30 minutes of incubation at room temperature at complete dark using UV-visible spectrophotometer. The conical flask was incubated at room temperature for 48 hours. After complete settlement of nanoparticles the mixture was centrifuged at 10,000 rpm for 15 minutes. The supernatant was discarded and the pellet was collected and washed thoroughly with distilled water. The material was cleansed with water and ethanol alternately to obtain Ag powder. The preparation of nanoparticles was stored at 4°C until further use.
UV-visible spectral analysis
The synthesis of silver nanoparticles was monitored by a UV-visible spectrophotometer (Shimadzu, UV-2550, and Japan). For the analysis of the reaction mixture 0.1ml of the sample was diluted with 2ml of de-ionized water and the UV-visible spectrum of the resulting solution was monitored at every interval of 1 nm.
Particle size (DLS) analysis
The particle size distribution of silver nanoparticles was evaluated using dynamic light scattering (DLS) measurements conducted with a Malvern Zetasizer Nanoseries compact scattering spectrometer (Malvern Instruments Ltd, Malvern, UK). Data were analyzed using Zetasizer software.
AFM analysis
For AFM imaging 10µl of the silver nanoparticles was deposited onto freshly cleaved muscovite Ruby mica sheet (ASTM V1 Grade Ruby Mica from MICAFAB, Chennai) for 15-30 mins. Mica sheets are basically negatively charged so that nanomaterial binds strongly on the mica surface. The sample was dried by using vacuum dryer after 15 min. AAC mode AFM was performed using a Pico plus 5500 ILM AFM (Agilent Technologies USA) with a piezo scanner maximum range of 9µm. Micro fabricated silicon cantilevers of 225µm in length with a nominal spring force constant of 21-98 N/m were used from nanosensors, USA. Cantilever oscillation frequency was tuned into resonance frequency at 150-300 kHz. The images (256 by 256 pixels) were captured with a scan size of 10 to 200 nanometer at the scan speed rate of 0.5lines/ Sec. Images were processed by flatten using Pico view1.12 version software (Agilent Technologies, USA). Image manipulation has been done through Pico Image Advanced version software (Agilent Technologies, USA).
Zeta Potential
Zeta potential of Ag NPs was measured according to Tantra, et.al with the help of Zetasizer Nano ZS (Malvern) and a titrator MPT-2. Before the measurement, aqueous suspension of silver A Phytochemical Approach to Synthesize Silver Nanoparticles for Non-Toxic Biomedical Application and Study on their Antibacterial Efficacy Copyright: © 2015 Nath et al.
nanoparticles was filtered through a 0.45 μm PTFE membrane. The zeta potential was calculated by the help of the software.
FTIR analysis
Perkin-Elmer spectrometer FTIR Spectrum in the range 4000-400 cm −1 at a resolution of 4 cm −1 was used for the analysis. The sample was mixed with KBr crystals. Thin sample disc was prepared by pressing with the disc preparing machine and placed in Fourier Transform Infrared [FTIR] for the analysis of the nanoparticles as well as for the bark powder.
Acute oral toxicity test
Experimental animals: All laboratory animals were purchased from a reputed breeder and were kept in stainless steel wire cages (Tarsons, India), maintained on 12 hour lightdark cycle. Along with pellet diet (West Bengal Diary and Poultry development corp. Ltd., Kalyani Industrial Area, Kalyani), ad libitum water was provided throughout the study. Fifteen male and 15 female ICR mice (10-12 weeks old, 25-32 g body weight) were used for the acute oral toxicity test. The animals were kept and maintained under 12:12 hr light-dark cycle, temperature of 24 ± 1°C, relative humidity of 55 ± 10% and negative atmospheric pressure.
Acute toxicity study: Using the up and down procedure the acute oral toxicity of colloidal Ag NPs was tested in mice [36] . At a dose of 5,000 mg/ kg, colloidal AgNPs was administered orally in the mice of either sex. The animals were then observed continuously for determination of any toxic symptoms for first 3 hr after AgNPs administration. Finally, after 24 hours the number of survived mice was counted and animals were then maintained for 14 days for further observation. At 1, 7 and 14 days after gavages, five mice in each group were sacrificed.
Hematological analysis:
For hematological analysis whole blood was collected from the experimental group of mice and different clinical parameters including Serum Glutamic Oxaloacetic Transaminase (SGOT), Serum Glutamic Pyruvic Transaminase (SGPT), serum creatinine, triglyceride, and total protein was tested.
Histopathological analysis:
Major organs such as liver, kidney, spleen and heart were collected by sacrificing animals (three animals from each group were selected randomly) for histopathological analysis. The samples were then fixed immediately in 10% formal saline. Collected tissues were then dehydrated in graded concentrations of xylene and embedded in molten paraffin wax. Tissues were then sectioned at 5m thick. Tissue sections were fixed on glass slides and stained with hematoxylin and eosin for microscopic observation.
Assay of bactericidal activity: Bactericidal activity of the AgNPs was appraised by the standard disc diffusion method with 6mm diameter Whatman No.1 filter paper discs [37] . Metallic nanoparticles have bactericidal properties and exhibit increased chemical activity. This is due to their large surface to volume ratios and crystallographic surface structure. In this method 10 μl, 25 μl and 50 μl of silver nanoparticles (suspension of 1 mg/ ml) prepared from bark extract was added with 1 ml of distilled water and applied to sterile paper discs of 6mm diameter. Standard antibiotic discs (ampicillin and tetracycline 10 mg/ ml) were used for control. Nutrient agar and LB agar was used for the antimicrobial test. Before the antibacterial assay the bacteria Escherichia Coli and Pseudomonas aeruginosa (gram negative bacteria); Bacillus subtilis and Staphylococcus aureus (gram positive bacteria) were inoculated into the LB and nutrient agar medium respectively and agar plates are incubated at 37°C for 24 hours. Inhibition of zone was measured after 24-48 hour of inhibition. Table 3 , 4 and 5 were presented as mean ± Standard Deviation (SD). Data were analyzed using analysis of variance (ANOVA; Tukey' Multiple Comparison Method). Values of P < 0.05 were considered as the level statistical significance. Statistical analysis was performed using the SPSS statistical software.
Statistical analysis: Results from

Results and Discussion
Analysis of phyto-components in aqueous bark extract of Saraca asoca by GC-MS
Ten major compounds were identified by GC-MS analysis in aqueous bark extract of Saraca asoca. The active principles with their retention time (RT), molecular formula, molecular structure, molecular weight (MW) and concentration (%) were analyzed. The prevailing compounds were (-)-dibenzoyl-L-tartaric acid, Phenol,2,4-di-tert-butyl-, 1,3,5-triazine,2,4-dichloro-6-phenyl as shown in table 1 and the corresponding chemical shift peaks of the spectrum were shown in [ Figure 1 ]. The peak list with number of detected peaks has been shown in table 2.
It is well known that the silver nanoparticles in aqueous colloidal solution exhibit yellowish brown color due to excitation of surface plasmon variation in silver nanoparticles. As the bark extract of Saraca asoca was mixed with aqueous solution of silver nitrate it started to change from pale yellow to reddish brown color due to reduction of silver ions indicating the formation of silver nanoparticles. Reduction of silver ion and the change in color has been frequently observed by several authors who successfully synthesized silver nanoparticles using different biomaterial [38] [39] [40] . In case of control experiment where bark extract was not added to silver nitrate solution exhibited no change in color even left for one week duration.
UV-vis Spectrophotometry
The molar ratio between AgNO 3 and reductants was closely related with Ag-NPs formation, as observed through the difference of FWHM (full width at half maximum). However, the major reason of using excess reductants (3ml) was to ensure the complete reduction of all Ag + cations to metallic Ag [ Figure  2A ]. The specificity of reaction condition made this process a unique phytofabrication procedure. It was observed by several other investigators that the absorption maxima of colloidal silver solution was between 410 to 440 nm which was assigned to surface plasmon of various metal nanoparticles [41] . Scanning of absorption spectra of the mixture was continually recorded for one month time period, yielded no significant change in the A Phytochemical Approach to Synthesize Silver Nanoparticles for Non-Toxic Biomedical Application and Study on their Antibacterial Efficacy intensity of absorption maxima suggesting stable nanoparticle formation.
It is generally recognized that UV-Visible spectroscopy could be used to examine the size and shape of nanoparticles in aqueous solution [42, 43] . The reduction of silver ions and formation of stable nanoparticles occurred in a concentration as well as temperature dependent reaction. Because of the instability of synthesized silver nanoparticles an optimum temperature is needed for the completion and settlement of the reduction reaction. It was observed that the optimal temperature of reaction mixture for conversion was 45°C and the SPR peaks became sharper with increase in optical density of the yellowish brown solution after 30 min of stirring depending on increasing temperature from 25°C to 45°C [ Figure 2B ,2C]. The absorption band at 433 nm showed the formation of silver All data are expressed as means ± SD and were compared with the ANOVA (n = 5). Differences with P < 0.05 are considered statistically significant. a) SGOT: Serum Glutamic Oxaloacetic Transaminase. b) SGPT: Serum Glutamic Pyruvic Transaminase.
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Figure 1: GC-MS analysis of active phytocomponents of S Asoca bark extract.
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Copyright: © 2015 Nath et al. Figure 2D ]. Further increase in temperature (up to 65°C), a red-shift appeared from 433 nm to 455 nm and this is due to the increase in AgNPs size. The temperature dependent increase in the peak intensity supports temperature controlled nanosilver synthesis. Depending on the size of the nanoparticle, the sharpness in the absorbance peak can be determined, as at higher temperature particle size may be smaller that results in sharpness of the plasmon resonance band of AgNPs [44, 45] . Inter-particles dipolar interactions, responsible for clustering, are believed to increase with thermally induced surface layer spin. This agglomeration is thermally reversible up to a critical temperature after which thermal energy overcomes dipolar interactions. Initially due to the reduction in aggregation of the growing nanoparticles, the size was reduced whereas increase in temperature beyond 65°C induces crystal growth around the nucleus resulting in a decrease in absorption.
nanoparticles [
Particle size (DLS) analysis
DLS can be performed to measure the hydrodynamic diameter which gives us information of the inorganic core along with any coating material and the solvent layer attached to the particle as it moves under the influence of brownian motion. The average size of the AgNPs was measured by DLS for colloidal nanoparticles. The size distribution vs. number percentage graph has been shown in Figure 3 . The average size for Ag-NPs synthesized by S. asoca is 4.5 nm and size varies from 3nm to 10nm. The particle size was significantly larger and more polydispersed compared to the AFM result. In DLS analysis large sized particles are observed as DLS measured the total size that includes the bio-organic compounds enveloping the core of the Ag NPs. Prathna et al. [46] found the particle size of silver nanoparticles in the order of techniques DLS > AFM > TEM > XRD. Sometime various forces of interaction in the solution such as vanderwaals can be the reason behind the large particle size. Differences in sample preparation as well as the poly dispersity of the sample cause differences in the particle sizes and that can be determined using the microscopic techniques (as determined by DLS). Based on the instrument response to particle mass, numbers, volume, and optical property, many techniques have been evolved for different size averages. But it is different in case of biological process of synthesis which produces polydisperse particles. However a great degree of caution is required during the measurement of size of biologically synthesized particles by various techniques and it is important to compare for determination of their reactivity for specific applications [47] . 
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AFM analysis
The results obtained are further corroborated by AFM observations, as shown in Figure 4 . From the figure it can be seen that the morphology consists of a mixture of prism and spherical like particles [ Fig 4A] . The particle diameter observed at optimum level of 2.5 ml of extract is approx 2.9 nm in average. The obtained silver nanoparticles exhibited improved dispersibility; and near spherical in shape, The blunt angled nanotriangle was a result of the shrinking process arising from the minimization of surface energy [ Figure 4A ] [48] . The presence of large quantity of extract causes strong interaction between protective biomolecules and surfaces of nanoparticles preventing nascent silver nanocrystals from sintering. With larger quantities of extract, the interaction is increased, leading to size reduction of spherical nanoparticles [ Figure 4B ].
Effect of S. asoca bark extract on the stability of silver nanoparticles
It is important to measure the Zeta Potential (ZP) for the stipulation of the surface charge and stability of the synthesized silver nanoparticles. Ag NPs demonstrate lower ZP value at lower concentration of the extract, whereas higher values were obtained at higher concentration of the extract. In overall, the results of zeta potential value for silver nanoparticles obtained is -23.2 mV [ Figure 5 ] indicating the stability of the synthesized nanoparticles. So from this it can be concluded that the silver nanoparticles got a negative zeta potential and the particles are fairly stable due to the electrostatic repulsion [49] , because low negative values of ξ-potential indicate instability of the particles. In our study, the time dependence of the zeta potential on the course of measurement was not observed, which indicated that the Ag-NPs colloidal suspensions were reasonably stable. The rich source of metabolites with negatively charged functional groups may possibly responsible for reduction of metal ions and efficient stabilization of synthesized nanoparticles at natural conditions (pH close to 8).
FTIR analysis
FTIR were performed to identify the biomolecules for capping and efficient stabilization of the metal nanoparticles synthesized by Saraca asoca bark extract. The FTIR spectrum of silver nanoparticles [ Figure 6 ] showed that the band at 3367 cm From the analysis of FTIR studies we also confirmed that the carbonyl group from the amino acid residues and proteins has the stronger ability to bind metal surfaces. It was indicated that the metal nanoparticles were protected by the proteins which could possibly capped of silver nanoparticles to prevent agglomeration and thereby stabilize the particle size. These studies also suggested that the biological molecules could possibly perform dual functions of formation and stabilization of silver nanoparticles in the aqueous medium.
Evaluation on nanotoxicity: in vivo model
The colloidal AgNPs in this study can be classified to the category of substances with low toxicity when taken for short periods of time. In the acute oral toxicity test, the mice treated with the dose of 5,000 mg/kg body weight showed no significant In all acute toxicity tests, no death was recorded in the 14 days of observation period in all control and treated animals. The animals did not show any significant changes in the general appearance during the observation period. There were no significant differences in the percentage of weight gain between the control and treatment groups of both male and female mice given 5,000 mg/ kg of the colloidal AgNPs orally (data not shown).
Hematology and clinical chemistry:
The hematological analysis in acute oral toxicity test showed no significant changes of RBC, Hb%, Ht, MCV, MCH, MCHC, number of platelets and WBC in the male and female treatment groups compared to the control groups. The leukocyte differential count showed no significant difference between the control and treated groups [ Table 3 ]. There were no significant differences in any of the biochemical parameters examined in either the control or treated group of the male and female mice [ Table 4 ].
Histopathology: Histopathological study showed no significant gross changes in tissue histology. The tissue architecture of major organs such as Liver, Kidney, Spleen and Heart seemed to be similar in both control and treated group of animals.
Assay of bactericidal activity
The silver nanoparticles synthesized showed the zone of inhibition against all the studied bacteria [ Table 5 ]. The maximum zone of inhibition was found in case of S. aureus and lowest was found in P. aeruginosa.
The bactericidal mechanism of silver nanoparticles is only partially understood till date. Based on studies that shows that silver nanoparticles anchor to and penetrate the cell wall of Gram-negative bacteria [51, 52] It is reasonable to suggest that the resultant structural change in the cell membrane could cause an increase in cell permeability, leading to an uncontrolled transport through the cytoplasmic membrane, and ultimately cell death. Microorganisms have developed drug resistance over many generations. Different antimicrobial agents based on chemicals show efficacy in therapy; but its use as medical device in prophylaxis in antimicrobial facilities is limited and therefore, an alternative way is needed desperately to overcome the drug resistance of various microorganisms, especially in medical devices, etc. Ag salts and Ag + ions have been used as antimicrobial agents in various fields because of their growth-inhibitory property against microorganisms. But for several reasons these ions have limited usefulness. The main reason is the interfering effects of salts and continuous release of enough concentration of Ag + ion from the metal form. These problems can only be solved by the use of Ag nanoparticles. On the other hand, to use Ag nanoparticles in various fields against microorganisms, it is essential to prepare non toxic Ag NPs with cost-effective methods, moreover the mechanism of the antimicrobial activity is of great interest as well. Lee et al. [53] investigated the antibacterial effect of colloidal silver nanoparticles on Staphylococcus aureus and Klebsiella pneumoniae after padding the solution of textile fabrics. Srivastava et,al. [54] studied antibacterial activity on E.coli (ampicillin resistant), E. coli, S. aureus and Salmonella typhi (multi-drug resistant).They reported that the effect was dose dependent and was more pronounced against gram negative organisms in comparison to the gram positive one. They found that the major mechanisms through which silver nanoparticles manifest antibacterial property was either by anchoring or by penetrating the bacterial cell wall and regulating cell signaling by dephosphorylation of the putative key peptide substrate on tyrosine residues. Thus it can be said that Ag nanoparticles synthesis by this herbal, non-toxic and cost effective method of reduction described here have a great promise as antimicrobial agents. Applications of Ag nanoparticles based on these findings may lead to valuable discoveries in various fields of medical biology and antimicrobial systems.
Conclusion
• The investigation has demonstrated the bioreduction of aqueous Ag + ions by the phytoconstituents of Saraca asoca bark extract. The reduction leads to the formation of silver nanoparticles of well defined dimensions.
• The size and shape of silver nanoparticles could be changed by altering concentration of bark extract as well as temperature which were confirmed by UV-vis spectroscopy and AFM analysis.
• The morphological features represents that the particles synthesized as a mixture of silver nanoprisms and spheres. At lower concentration of extract the mixture shows different shapes of Ag nanoparticles.
• The possible reducing agents are terpenoids and flavonoids. The capping material for stabilization includes proteins present in the bark extract.
• The preliminary in vivo toxicological data reveals that the synthesized nanoparticles have no significant hazardous effect on body system which will be further confirmed on cell toxicity assays using different in vitro cell line model in near future.
• The overall result shows that bark extract of saraca asoca can mediate the biosynthesis of silver nanoparticles efficiently. This green chemistry approach toward the synthesis of silver nanoparticles has many advantages. Possible applications of such eco-friendly and nontoxic nanoparticles in bactericidal, wound healing, drug delivery vehicles and other medical appliances will make this method potentially exciting for the large-scale synthesis of other inorganic nanoparticles.
